
DNA Barcodes and Identifying 
Life 



Identifying Life 



Known biodiversity: 1.7 million 
species of plants and animals 

Estimated biodiversity: 
10 million to 

100 million species 





* Cytochrome c oxidase I (COI) has 
   become standard for animals 
* “Folmer region" at the 5' end of gene 
* closely related species often differ by 
  several percent 
* smaller Ne means gene coalesces  
  (sorts) more quickly 
* marker for both within species 
   structure and among species structure 
 

 
DNA barcoding is based on the use of a short, standard 
region that enables cost-effective species identification  



Horizontal Genomics – one gene for 
all species 







BOLD – Specimen Data 



Sequence Data 







Fish Identification 
through DNA 

barcodes 

Australian Fishes 
100% Resolution 
.35% within species 
9.93% between species 
 



Bird Identification 
through DNA 

barcodes 



Bird Identification 
through DNA 

barcodes 



















* Is it just a new tool for  
  taxonomy? Or might it also be a  
  threat to traditional taxonomy? 
* Why is its use generating  
  controversy among practitioners, 
  users, funders, etc. 
* When does it work? 
* When does it fail?  
* Why and how can claims about 
  its utility and accuracy be so 
different? 
 
 

DNA Barcoding 



Why should we care? 
Invasive Pests Consumer Fraud 

Human Health Environmental Monitoring 
Bird Strikes 



* Build, over the next 20 years, a barcode library for all 
  eukaryotic life 
* Add alignment browser for visualing nucleotide and amino acid 
  alignments 
* Add capacity for multiple sequence markers  
* Add nuclear markers  
* Include plant markers:  ITS, matK, and rbcL markers 
* Develop algorithms for discovering new leaves on the “Tree  
  of Life” 
* Consider character-based identifications 
* Develop probabilities and certainty values 
* Develop algorithms for dealing with hybridization and lineage  
  sorting (coalescence issues) 
 
 
 

Some Goals   





 
BARCODING LIFE: TEN REASONS TO  

IDENTIFY SPECIES BY DNA  

 1.  Works with fragments 
 2.  Works with all life stages 
 3.  Genders are the same 
 4.  Unmasks look-alikes 
 5.  Reduces ambiguity 
 6.  Makes expertise go further 
 7.  Democratizes access 
 8.  Open way for electronic handheld guide 
 9.  Sprouts new leaves on the tree of life 
10. Demonstrates value of collections 
11. Speeds writing the encyclopedia of life 
 

http://www.barcoding.si.edu/PDF/TenReasonsBarcoding.pdf 



 
BARCODING LIFE: MORE REASONS TO  

IDENTIFY SPECIES BY DNA  

 12.  Phylogenetic signal  a 
        research agenda for taxonomists  
 13.  A higher benchmark for type series 
 14.  Enables research on minute taxa 
        (microlepidoptera, nematodes, algae) 
 



* ideally daughter species should be  
  reciprocally monophyletic   
- Funk and Omland (2003) ARES. 34: 397-

423: only 70% of species in their examples 
were reciprocally monophyletic.   

* hybridization is especially problematic:   
  e.g., one haplotype is shared by 5 species 

of  New England damselflies 
   - important shortfall for many large genera 
   - sloppy sex matters…many animals with 

external fertilization have evidence of 
hybridization 

Some Problems 



* ancestral polymorphism may be the most 
pervasive problem among closely related 
taxa 

* an issue with recently speciating a taxa 
 
* deep within-species splits possible: 

because haplotypes do not recombine, 
any biogeographic splits will linger (until 
haplotype extinction) 

  e.g., sky-island populations from southern 
  Appalachians usually different from 

Canadian haplotypes 

Some Problems 



Lineages of haplotypes at a single locus: transition from polyphyly 
to paraphyly to monophyly during speciation (Avise & Ball 1990) 

t-1 

t-2 

t-3 

speciation of 
Pop. 2 is 

complete at t-3 

Pops. 1 & 2: 
polyphyly 

Pop. 2: 
paraphyly 

(letters = ancestral 
gene copies) All contemporary 

gene copies 
coalesce to “b” 



Colias interior 

COI samples from Ottawa have a 6% divergence 



* do barcodes work for asexual taxa?  
* distances between taxa mean what? 
* sometimes too little resolution (recent 

splits/taxa:  e.g., lacewing song morphs) 
may not show up in COI 

* sometimes too many haplotypes to make 
much sense (Noctua pronuba) 

More Problems 



Mitochondrial Haplotypes  
in Noctua pronuba 

My thought with the barcodes that that recently 
introduced species would most likely have only a 
single barcode, or maybe a few if multiple 
individuals were introduced, and maybe these 
would even tie them to a source like China, 
England, etc. We're not sure with some species, 
like Scoliopteryx libatrix, Lycaena phlaeas, 
Pyrhhia exprimens, whether they are naturally 
holoarctic or are introductions by man.  So, I 
thought a really good test of this premise would be 
Noctua pronuba because we know the year (about 
1979) when a single individual was found at 
Halifax, a port where many European insects have 
arrived by ship. It's systematic spread through the 
maritime provinces, then west and south in 200 to 
300 mile increments until reaching Alaska, Florida, 
and Mexico in about 25 years. However, when I 
do the barcodes, I see there are - so far - 14 
different haplotypes for it, several as divergent as 
0.5 %. We are told that a divergence of 2 % 
usually is indicative of full species and takes likely 
millions of years. No one has adequately 
explained to me how a species with apparently a 
single introduction can have so many haplotypes, 
unless hundreds of individuals flew off the boat 
carrying many haplotypes.  
 
                                Don Lafontaine Nov 2011 



  

Noctua pronuba 
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